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Michael Kirby (for the CDF and DØ collaboration)
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We report on searches for a standard model (SM) Higgs boson in p(¯p) collisions at a center of mass energy
√
s = 1.96
TeV with the CDF and DØ detectors using an integrated luminosity of more than 3.0 fb−1. For a SM Higgs with
mass greater than 135 GeV/c2, the dominant decay mode is two W bosons and the searches presented are based upon
the subsequent electron and muon decays of the two W bosons. Significant improvement in background modeling and
signal predictions have been implemented since previous preliminary results. No significant excess is observed, and
limits on standard model Higgs production are calculated. The observed 95% confidence level upper limits are found
to be a factor of 1.63 (2.0) higher than the predicted SM cross section at mH = 165 GeV/c
2 for the CDF (DØ )
experiment while the expected limits are a factor of 1.66 (1.9) higher than the predicted SM cross section.
1. INTRODUCTION
The standard model of particles physics incorporates a Higgs field in order to provide a mechanism for spontaneous
symmetry breaking in the electroweak sector[1]. The SM though provides no prediction for the mass of the Higgs
boson that is a consequence of this field, and to date no experimental data show evidence of a Higgs signal. Current
electroweak precision fits prefer a Higgs mass of less than 154 GeV/c2 [2] at 95% confidence level. Direct searches
at the LEP-II experiments provide a lower limit to the Higgs mass of 114.4 GeV/c2[3] at 95% confidence level. At
the Tevatron, the dominant production mechanism for a high mass (mH > 135 GeV/c
2) Higgs is gluon fusion with
the dominant decay mode of the Higgs to two W bosons. For mH = 160 GeV/c
2, the branching ratio to two Ws is
greater than 90%. In order to enhance signal to background significance, only the W decay modes including electrons
and muons are used for the searches presented in these proceedings. As well, the spin-correlations between the Higgs
and the two Ws combined with the V-A decay of the W allows for kinematic discrimination between signal and
background events based upon lepton opening angle. Recent improvements in theory and calculations techniques
have shown significant contributions from both vector boson fusion(VBF) and associated production with vector
bosons. These additional signal contributions and calculations have now been incorporated into high mass Higgs
searches. The CDF and DØ detectors are both general purpose particle detectors and have been described in detail
elsewhere [4, 5] and will not be discussed in these proceedings.
2. DØ H →WW (∗) → ℓℓ′νν(ℓ = e, µ, τ) SEARCH
The H → WW (∗) → ℓℓ′νν candidates are triggered using either a single lepton1 or di-lepton trigger and corre-
sponds to a integrated luminosity of 3.0 fb−1. Candidate events are selected by requiring large missing transverse
momentum (E/T ) and either two electrons (e
+e−), an electron and a muon (eµ), or two muons (µ+µ−). Muons
are reconstructed based upon hits in the muon chambers matched to reconstructed tracks and are required to have
transverse momentum (pT ) greater than 10 GeV/c and detector |η|¡2.0. Electrons are reconstructed by matching
tracks with electromagnetic clusters, and are required to have pT greater than 15 GeV/c and a detector |η| < 3.0.
Both muons and electrons are required to be isolated from additional activity in the calorimeter and tracker. The
invariant mass of the two leptons in the event must be greater than 15 GeV/c2. Jets are reconstructed using a cone
algorithm with R =
√
(∆φ)2 + (∆η)2 = 0.5 and required to have pjT > 15 GeV/c
2.
1In these proceedings, when referring to reconstructed leptons, only electrons and muons are considered.
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To remove the dominant Z/γ∗ background, events are required to have missing transverse energy E/T > 20 GeV.
To discriminate between E/T generated from mis-measurement and escaping neutrino energy, the variable E/T
scaled
is
constructed as:
E/T
scaled
=
E/T√∑
jets(∆E
jets · sin θjet · cos∆φ(jet, E/T ))
2
(1)
where the jet transverse energy resolution is approximated by ∆Ejet · sin θjet. The opening angle ∆φ(jet, E/T )
between the projected energy fluctuation and the missing transverse energy provides a measure of the contribution of
the jet energy resolution. Additionally, the minimum transverse mass (MminT ) is the lesser of the transverse masses
calculated for each lepton as
MT (ℓ, E/T ) =
√
2pℓTE/T (1− cos∆φ(ℓ, E/T )) (2)
The additional requirements for candidate events based upon these variables are optimized for each channel to
optimized to suppress the dominate background in each final state. The signal contribution is simulated using both
gluon-gluon fusion and vector boson fusion processes where the cross sections have been normalized to next-to-next-
to-leading order calculations [6, 7, 8].
Figure 1: Artificial Neural Net output after all event selections are applied for the combined DØ eµ, e+e−, and µ+µ− channels.
The output is shown on a logarithmic scale (left) and in a linear scale for the high NN output region (left).
After all selection requirements have been applied, the combination of the three channels gives and expected
14.5±0.2 Higgs signal events for mH = 160 GeV/c
2 with a background expectation of 1714 ± 21. In order to
increase sensitivity to a signal, an Artificial Neural Network (NN) is constructed using 11 input variables based
upon reconstructed lepton kinematics, event kinematics, and event topology. The NN output distributions for for
the combined sample are shown in Figure 1 and show no sign of an excess in the high NN output signal region.
Using a modified frequentist method that takes advantage of background dominated regions to minimize nuisance
parameters, cross section limits on Higgs production for a range of masses are calculated from the log likelihood ratio
distribution. For mH = 165 GeV/c
2 the observed cross section limit was 2.0 times greater than the SM cross section
with an expected sensitivity of 1.9 times the SM cross section. The observed and expected cross section limits and
log likelihood ratios for the full Higgs mass range are shown in Figure 2.
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Figure 2: The DØ calculated cross seciton limit for SM H → WW (∗) production for Higgs masses between 115 and 200
GeV/c2. The left distribution show the log likelihood distribution of the combined eµ, e+e−, and µ+µ− channels.
3. CDF H → WW (∗)→ ℓℓ′νν(ℓ = e, µ, τ) SEARCH
Candidate events are triggered using either a central electron trigger, a central muon trigger, or a forward electron
trigger that has an additional requirement on missing transverse energy in the calorimeter with the dataset corre-
sponding to an integrated luminosity of 3.0fb−1. Leptons in the events are identified by requiring a central track
matched to either an electromagnetic calorimeter cluster, a muon stub, or a non-fiducial region of the calorimeter
and muon detector subsystems. The leptons are categorized into one of six quality levels: two for electrons, three
for muons, and one for non-fiducial tracks. Events are then classified as contributing to either the high or low signal
to background regions based upon the combination of the lepton quality categories. All leptons are required to be
isolated from other activity in the calorimeter and tracking subsystems. Events are required to contain two lepton
candidates with the first lepton having a minimum ET > 20 GeV and a looser requirement on the second leading
lepton of ET > 10 GeV. The lepton are required to have opposite charge and their invariant mass (Mℓℓ)is required to
be greater than 16 GeV/c2. To suppress the large Drell-Yan backgournd, the events are require to have EspecT > 25
GeV for dielectron and dimuon events, and EspecT > 15 GeV for electron-muon events where E
spec
T is defined as:
E/T
spec
≡
{
E/T if∆φ(E/T , lepton, jet) >
π
2
E/T sin (∆φ(E/T , lepton, jet)) if∆φ(E/T , lepton, jet) <
π
2
}
(3)
After the initial selection, the candidate events are analyzed based upon the jet multiplicity in the event. A jet is
required to have pT > 15 GeV and |η| < 2.5, and the three final states are the no jet events, 1-jet events, and events
with 2 or more jets. By separating the events based upon jet multiplicity, the contributions from the gluon-gluon
fusion, VBF, and associate production can be partitioned and the appropriate multivariate technique applied. The
jet multiplicity was found to have excellent agreement with the predicted background giving confidence to analyzing
the candidate events in several jet samples.
3.1. 0-Jet Analysis
For events with a jet veto, gluon-gluon fusion is the only signal production process considered to contribute.
Using MCFM[10] LO calculations, a likelihood ratio discriminant is calculated as a ratio between the the integrated
probability density of H → WW or WW production and the sum of the probability densities of H → WW , WW ,
ZZ, Wγ, and W + jets production for each event. Because of the jet veto, there is higher precision in the measured
E/T , and the integration over unobserved degrees of freedom provides more discriminating power. The two likelihood
ratios are then input into an Artificial Neural Network along three other variables: ∆R(ℓ, ℓ), ∆φ(ℓ, ℓ), and the scalar
sum of the leptons ET and E/T . The resulting NN output in the high signal to background sample for jet veto events
is shown in Figure 3.
3
34th International Conference on High Energy Physics, Philadelphia, 2008
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
-210
-110
1
10
210
High S/B
HWW
Wj
γW
tt
WZ
ZZ
DY
WW
Data
-1
 L = 3.0 fb∫CDF Run II Preliminary
2
 = 160 GeV/cH0 Jets HWW M
NN Output
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
-210
-110
1
10
210
High S/B
HWW
VBF
WH
ZH
Wj
γW
tt
WZ
ZZ
DY
WW
Data
-1
 L = 3.0 fb∫CDF Run II Preliminary
2
 = 160 GeV/cH1 Jets HWW M
NN Output
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
-210
-110
1
10
210
2+ Jets
Wj
γW
tt
WZ
ZZ
DY
WW
 10×HWW 
Data
-1
 L = 3.0 fb∫CDF Run II Preliminary
2
 = 160 GeV/cH2+ Jets HWW M
NN Output
Figure 3: Artificial Neural Net output after all event selections are applied for the 0-jet, 1-jet, and 2 or more jet channels for
the CDF analysis. The output is shown on a logarithmic scale for the high signal to background samples.
3.2. 1-Jet Analysis
For events containing one jet, the signal contribution from gluon-gluon fusion is combined with the contribu-
tions from VBF and associated production [9] adding an additional 20% expected signal. An Artificial Neu-
ral Network is constructed using eight input variables: M(ℓ, ℓ), the transverse mass MT (ℓℓE/T ),∆R(ℓ, ℓ),HT ,
E/T
spec
,pT (ℓ1),pT (ℓ2),E(ℓ1). The resulting NN output in the high signal to background sample for one jet events
is shown in Figure 3.
3.3. 2-Jet Analysis
For events containing two or more jets, the signal contribution from gluon-gluon fusion is combined with the
contributions from VBF and associated production adding an additional 60% expected signal. An Artificial Neural
Network is constructed using eight input variables: M(ℓ, ℓ), ET (ℓ1), ET (ℓ2),∆R(ℓ, ℓ),HT , ∆φ(ℓ, ℓ),∆φ(~ℓ + ~ℓ, E/T ),
~
pjet1T +
~
pjet2T . The resulting NN output in the high signal to background sample for two or more jet events is shown
in Figure 3.
3.4. Combined CDF Results
The NN outputs for the five samples (two for 0-jet, two for 1-jet, and one for 2-jet) are combined into a binned
likelihood function. The signal to background rates are allowed to float in each bin based upon a set of Gaussian
constraint while maintaining the expected signal to background ratio. The 95% confidence limit is determined based
upon 10,000 Monte Carlo background only experiments generated from the expected yields keeping systematics
between channels correctly correlated. For mH = 165 GeV/c
2 the observed cross section limit was 1.63 times greater
than the SM cross section with an expected sensitivity of 1.66 times the SM cross section. The combined NN output
for all channels and the observed and expected limits for the combined sample is shown in Figure 4.
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Figure 4: Artificial Neural Net output after all event selections for the combined sample are shown in the left plot. The CDF
observed and expected cross section production limit as a ratio to the SM cross section are shown in the right plot.
4. CONCLUSION
The search for standard model H →WW (∗) production in the ℓℓνν final state was performed at CDF and DØT˙he
searches show no signs of an excess in the area of sensitivity and have placed limits of 1.63 and 1.9 times the SM
cross section for CDF and DØ respectively. The Higgs search analyses at the Tevatron continue to show factors
of improved sensitivity beyond that expected from the simple enlargement of the data sample. The CDF and DØ
combined cross section limit for the H →WW (∗) production was performed and provided the first 95% exclusion of
a standard model Higgs boson at the Tevatron at mH = 170 GeV/c
2. The search for the Higgs will continue to be
the focus of the Tevatron program and the sensitivity should improve considerably in the coming years.
Acknowledgments
The author wishes to thank the Fermilab Accelerator Division, the CDF and DØ Collaborations, and the faculty
and staff of Northwestern University. The author would also like to thank the organizers of the conference for an
excellent program and wonderful experience. Work supported by Department of Energy.
References
[1] P. W. Higgs, Phys. Rev. Lett. 13, 508 (1964).
[2] The LEP Electroweak Working Group, http://lepewwg.web.cern.ch/LEPEWWG/
[3] R. Barate et al., Phys. Lett. B 565, 61 (2003).
[4] The CDF Collaboration, FERMILAB-PUB-96-390-E.
[5] DØ Collaboration, V. Abazov et al., “The Upgraded DØ Detector,” Nucl. Instrum. Methods Phys. Res. A 565,
463 (2006).
[6] S. Catani, D. de Florian, M. Grazzini and P. Nason, JHEP 0307, 028 (2003) [arXiv:hep-ph/0306211].
[7] K.A. Assamagan et al., [Higgs Working Group Collaboration], arXiv:hep-ph/0406152.
[8] U. Aglietti, R. Bonciani, G. Degrassi, A. Vicini, arXiv:hep-ph/0610033.
[9] T. Sjostrand, S. Mrenna, and P. Skands, JHEP 05, 026 (2006).
[10] J. Campbell and K. Ellis, MCFM - Monte Carlo for FeMtobarn processes, http://mcfm.fnal.gov/.
5
